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[57] ABSTRACT . 

The specification discloses a communications proces- 
sor system including a message switching digital com- 
puter programmed to receive binary coded data from 
a plurality of communication control devices con- 
nected to communication lines. The binary coded data 
is stored in the computer and subsequently transmit- 
ted to designated ones of the communication control 
devices. At least one of the communication control 
devices comprises a binary synchronous system which 
includes circuitry for converting serial digital data re- 
ceived from a communication line into parallel digital 
data. The parallel digital data comprises line control 
characters, text data and cyclic redundancy checking 
(CRC) characters. A micro central processor unit re- 
ceives the digital data and, in response to the line con- 
trol characters, synchronizes and forms the text data 
into message blocks. After completion of a message 
block, a CRC error code signal is computed and com- 
pared with the CRC characters contained within the 
digital data. If the error check is satisfactory, the mes- 
sage block is transmitted to the computer for storage 
and for later transmittal to a designated communica- 
tion control device. The digital data utilized with the 
invention is transmitted in the transparent text mode 
such that the line control characters may be selec- 
tively utilized for control functions or for text data. 



11 Claims, 11 Drawing Figures 
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BINARY SYNCHRONOUS COMMUNICATIONS data and removes the control characters while synchro- 

PROCESSOR SYSTEM AND METHOD niring and forming the parallel digital data into mes- 
sage blocks. A digital message switching computer is 
connected to receive the message blocks from the pro- 

This invention relates to communications control! 5 cessor and for controlling the distribution of the digital 

and particularly relates to a message switching system data to a designated station.. 

utilizing binary synchronous communication proce- In accordance with another aspect of the invention, 

dures for the control of the transmission and reception a digital computer is connected to a high speed data 

of teletype traffic over communication (inks. buss and is programmed to control the reception and 

pr inn art 10 d* str *bution of digital messages over the data buss. A 

1 HE PRIOR AR plurality of communication control devices are con- 

An important use for digital computers has long been nected along the data buss for transmitting to and re- 

the control of the transmission and reception of mes- ceiving digital messages from the computer. At least 

sages and data over communications circuits. More re- one of the communication control devices is a binary 

cently, specialized communications processors have 15 synchronous control device having circuitry for receiv- 

been developed in order to relieve general purpose ing digital data from a communications line and for 

computers from the heavy workload created by such synchronizing and forming the digital data into message 

communication control and also to provide more effi- blocks in response to control characters contained in 

cient handling of communication data. An example of the digital area. The circuitry removes the control char- 

a communications processor which controls the trans- 20 acters from the digital data prior to transmitting the 

mission and reception of teletype traffic is the TELE- message blocks through the data buss to the computer. 
CONTROLLER system manufactured and sold by the 

present assignee, Action Communications Systems Inc. In accordance with another aspect of the invention, 
of Dallas, Texas, a binary synchronous communications processor in- 
Briefly, such communications processor systems 25 eludes circuitry for converting binary coded tone sig- 
have generally comprised a properly programmed digi- nals received from a communications link into electri- 
tal computer connected by a high speed data buss to a cal binary coded signals having line control characters, 
plurality of control devices each controlling a different A micro central processor unit is responsive to the line 
communications line such as a telephone or teletype control characters for synchronizing the electrical bi- 
tine. Data may be received, stored and transmitted 30 nary coded signals and for removing the line control 
from the computer in either asynchronous or synchro* characters while forming the electrical binary coded 
nous modes. In particular, it has been found that the signals into blocks of parallel text signals. An error 
use of binary synchronous communications procedures checking circuit checks the accuracy of the text signals, 
is advantageous in providing efficient and accurate dig- A high speed data buss receives the error check signals 
ital data transmission. However, in prior communica- 35 and transmits the signals to a digital message switching 
ttons processor systems, the use of binary synchronous computer which controls the distribution of the text 
communication procedures has placed a substantial ad- signals to a designated communications station, 
ditional workload upon the central processor unit of In accordance with yet another aspect of the inven- 
the communications processor. In addition, the pro- tion, a communication processor system includes a 
gramming of the communications processor in order to 40 message switching digital computer programmed to re- 
accommodate binary synchronous communication pro- ceive binary coded data from a plurality of communica- 
cedures has heretofore been relatively complex and ex- tions stations connected to communication lines. The 
pensive. Moreover, the additional computer workload computer then transmits the binary coded data to des- 
and programming difficulties have increased as addi- ignated ones of the communication stations. A conven- 
tional binary synchronous control devices have been 45 ing circuit is coupled to one of the communication lines 
added, thus placing limits upon the growth flexibility of for converting serial digital data received from the 
the communications processor system. communication line into parallel digital data and also 

NUMMARY OF THE INVENTION f ° r converthl g P ara,lcl di 8 ital dala imo ***** di 8 ital 

SUMMARY OF THE INVENTION ^ fof ^5^^ t0 thc communication line. A 

In accordance with the present invention, a commu- micro central processor unit detects control characters 

nications processor system is provided which over- in the parallel digital data output from the converter 

comes the foregoing and other disadvantages that have circuit and in response thereto synchronises and forms 

characterized the prior art of binary synchronous com- the parallel digital data into message blocks for trans- 

munications processing. The present invention utilizes mission to the computer. The processor unit is further 

relatively inexpensive micro central processor units operable to receive parallel digital data from the com- 

and associated circuitry which may be interconnected puter and to add control characters thereto for trans- 

with a digital message switching computer to provide mission of the data through the converting circuitry to 

efficient binary synchronous operation, without sub- thc communication line, 

stantially increasing the workload of the computer and nccrDIimnK! „ _„„ „ AViyiwrc 

without the requirement of a substantial amount of 60 DESCRIPTION OF THE DRAWINGS 

complicated and expensive programming of the com- For a complete understanding of the present inven- 

puter. tion and for further objects and advantages th creof , ref- 

In accordance with the present invention, a commu- erence is now made to the following description taken 

nications processor system includes circuitry con- fiJ in conjunction with the accompanying drawings, in 

nected to a communication line for converting serial which: 

data on the line into parallel digital data. A central pro- FIO. 1 is a block diagram of the communications 

cessor detects control characters in the parallel digital control system of the invention; 
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FIG. 2 illustrates an electrical schematic diagram of tion and Maintenance Instructions for the Telecon- 
a typical asynchronous control device for connection troller," published Apr. 1971 by Action Communica- 
te the high speed buss of the system shown in FIG. 1; tion Systems, Inc., of Dallas, Texas. 

The computer 10, in addition to its primary duty as 

FIG. 3 is an electrical block diagram of the binary 5 a communications controller, insures that the commu- 

synchronous communications control system of the in- nications traffic of the system is valid in format and that 

vention; all major components of the system are functioning 

FIG. 4 is an electrical block diagram of the synchro- properly. The computer 10 operation is basically store 

nization portion of the circuit shown in FIG. 3; and forward in design, in that it automatically invites 

FIG. 5 is an electrical schematic of the digital multi- 10 individual automatic send and receive ( ASR) terminals 

plexers and CRC error check circuitry shown in FIG. to transmit traffic. This is accomplished by the initia- 

3; tion of a transmitter start code (TSC) that is unique for 

FIG, 6 is an electrical schematic diagram of the com- each terminal on a communications circuit. If that ASR 

puter input and output buffers shown in FIG. 3; terminal has traffic to transmit, it is automatically 

FIG. 7 is an electrical schematic of the output shift 15 transmitted to other terminals on that same circuit, to 

register and character block shown in FIG. 3; the computer 10 for storage and transmission to termi- 

FIG. 8 is an electrical schematic of the automatic call nals on other circuits, or a combination of both, 

unit control shown in FIG. 1; and Traffic is transmitted by computer 10 to the desired 

FIGS. 9a-c comprise functional flow diagrams of the destination on the basis of call directing codes (CDC) 

operation of the system shown in FIG. 3. 20 contained in the address portion of the message. For 

~ ~„r. ™™™r,r^ "switch in" or ' 'cross-office' * traffic, the computer 10 

DESCRIPTION OF THE PREFERRED transmits the CDC of a receiving terminal, receives a 

EMBODIMENT positive answer back which indicates that the ASR is 

FIG. 1 illustrates a block diagram of a typical com- clear to receive traffic, and then forwards the message, 

munications processor system in accordance with the 25 

present invention. The system includes a computer 10 After a particular ASR has been selected to send a 

which may comprise any suitably programmed general message, the computer 10 monitors the transmitted 

purpose digital computer. An example of a suitable message. If an invalid address or missing end of address 

computer is the Nova Computer manufactured and code (EOAC) is detected, the computer will stop the 

sold by Data General Corporation of Southboro, Mas- 30 message and notify the operator that he has attempted 

sachusetts. For a detailed description of the construe- to send a message with an invalid format. If the and of 

tion and operation of the Nova Computer, reference is message code (EOMC) is missing, the computer 10 will 

made to the publication entitled "How to Use the Nova destroy the message and notify the originator of the 

and the Supernova, " published May 1 970 by Data Gen- missing EOMC. Thus, only complete messages will be 

eral Corporation. 35 transmitted only to valid addresses. 

A console teletype 12 is utilized as an input/output The computer 10 ensures maximum use of the cir- 

terminal for the computer 10. Program changes for the cuits of the system by connecting all applicable CDC's 

computer 10 may be input at the teletype 12 t and diag- on a circuit basis prior to sending the message. For ex- 

nostic tests may be performed on the computer pro- ample, consider a message address to three stations: 

gram by the teletype 12. Additionally, the teletype 12 40 AA, AB, and AC. The computer 10 will send AA and 

may print out statistical information regarding the receive an answer back, will send AB and will receive 

operation of the system shown in FIG. 1. Storage for an answer back and then send AC and not receive an 

the computer 10 is provided by a disc 14 and magnetic answer back. The message is then set to A A and AB 

tape storage 16. and will be retained in computer storage for later trans- 

The computer 10 has a high speed data buss 18 in 45 mission to AC. 
order to input and output data at high speeds in the In case of loss of primary AC power, the computer 10 
micro second range. A plurality of communication con- retains all messages stored in the system at the time of 
trol devices are connected along the data buss 18 and the power loss. In case the computer detects an open 
are controlled by the computer 10. For example, a five- circuit in the circuit, the computer immediately breaks 
level asynchronous control device 20 is connected to the circuit and sends F1GS/H/LTRS and then interro- 
buss 18. The output of the control device 20 controls gates the circuit to see if it is still open. If the open cir- 
a driver 22 which is connected to conventional teletype cuit remains, an error signal is sent to the control ASR 
circuits. Additionally, a universal asynchronous control notifying the control supervisor of the station which is 
device 24 may be connected to the buss 18. Control de- open. Periodically, the computer 10 will attempt to re- 
vice 24 controls a driver 26 which is connected to a store service to that circuit. When an attempt is suc- 
modem and a teletype line. An important aspect of the cessful, the computer will notify the control ASR. If the 
present invention is that the computer 10 may control computer has been sending the message when the cir- 
the input and output of data among a plurality of differ- cuit malfunctions, the computer will resend the com- 
ent control devices having different operational speeds plete message after the circuit is restored. If the com- 
and signal characteristics. It will be understood that a puter was receiving the message and the circuit mat- 
relatively large number of control devices may be con- functioned, when the service is restored the computer 
nected to the data buss 19 and that the control devices will notify the originator of the message to resend it. 
may comprise a wide variety of different devices. An important operation of the computer 10 is the 

For a more detailed description of the construction 65 generation of reports concerning message switching si- 
and operation of the five-level asynchronous control multaneously with system operation. For example, re- 
device 20 and the universal synchronous control device ports will be provided through the teletype 12 regard- 
24, reference is made to the manual entitled "Opera- ing the number of messages waiting transmission on the 
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circuit the status of each circuit, the number of mes- phone signal spectrum occupies a band width equal to 

saees Jent and received, characters sent and received the bit rate, centered about the earner frequency. 

d the like A modem driver circuit 38 is connected between the 

^An automatic call unit (ACU) control device 28 is modem 36 and a micro circuit control 40. The control 
colectedTo iVdata b J 18 and controls a driver 30 5 40 is connected to the data buss 18 and « ; .ntercon- 

Z operation of an automatic calling unit (ACU) 32. n^ted w,th a micro central Pressing unit (CPU) tt. 

For example, the automatic calling unit 32 may com- The m.cro CPU 42 « interconnected with a CRC reg.s- 

r ^TJSSS'St. E^SSS? Fo*: cS52,M contro., the output of data on the 

32, reference is made to the Bell System data commu- <=ontr °' *8™ s o 1 » e «™« « 

cation/' published Mar. l9 64 by the American Tele- ^ 

phone & Telegraph Company data ^ transmitted on the telephone 

Basically the automatic callmg unit 32 .s a DC dia ^ at ^ |qw specd is app|ied 

pulse unit which permits a business machine to call any DAA 34. This tone data is converted into 

telephone number in a switched telephone network and ^al di ita| ri ^ b mode m 36 and applied 
to transfer the circuit to the associated modem for the 1Q ^ h ^ driyer ^ tQ {hc m{cTQ cjrcuit control 40 . 
automatic transmission of data. A telephone number ^ M rcduoes t h e level of the signals to desired 
which is stored in the business machine is transmitted for ation in ^ micro circu j t control 40, For 

to the ACU 32 in the form of parallel 4-bit binary sig- ^ itude of lhc digita | signa i s generated 

nals. The ACU 32, under control of the business ma- ^ modem ^ ^ generally range from +3 to +25 

chine, will perform all the functions usually performed 25 v £ |fs ^ _ 3 tQ _ 25 VQ | ts The output c f the driver 38 
by an attendant in originating a data call. In operation, fof & ( . { Qj tfue fe +2 4 voUs for a 0 or faJse j s +0,4 
in response to an order from a business machine, the voltg 

ACU 32 gives an u ofT-hook" indication to the tele- jhe micro circuit control 40 converts the serial digi- 
phone central office. After detecting the dial "go ta i ^ i nt0 a parallel high speed data stream that is ap- 
ahead" signal from the central office, the ACU 32 30 pj| ec j lo the micro CPU 42. The micro CPU 42 receives 
passes the telephone number digit-by-digit to the cen- thc sync h r0 nous bit stream from the micro circuit con- 
tral office. Upon completion of the dialing, the ACU 32 tf0 j ^ and breaks the bit stream up into characters 
waits for the call to be answered. When the called sta- each g bits | ong ln order t0 establish synchronization, 
tion answers, thc ACU 32 detects the answeT signal and one Qf tne characters is termed a synchronous charac- 
transfers the telephone line to the modem so that the 35 ter am j { s initially received by the micro CPU 42. As 
data transmission may be achieved in the usual fashion. ^ ^ | ater described in detail, a comparator circuit 
After completion of data transmission, the business ma- detects the synchronous character and triggers a flip- 
chine terminates the call. flop circuit to lock the circuit on sync. The comparator 

The ACU 32 is connected through a data recess ar- is disabled in order that data later received is not acci- 
rangement (DAA) 34 which is capable of connecting 40 dentally designated a sync character. Once the circuit 
the ACU 32 and a modem 36 through the telephone is locked into synchronization, a shift register provides 
lines to a central office. The DAA 34 thus serves as an a character clock every 8 bits in order to enable a char- 
interface between the present system and the telephone acter to be read. The micro CPU 42 thus operates to 
system in the well known manner. designate valid characters to prevent the generation of 

The remainder of the circuitry of FIG. 1 comprises 45 crrone ous data because of noise or the like. The micro 
the binary synchronous communications control sys- CPU circuitry also blocks the data into message blocks 
tern of the invention. It will be understood that a plural- aiM j transmits the message blocks through the micro 
ity of like binary synchronous control systems could circuit control to the data buss 18 for input into the 
also be connected to the buss 18, as required. However, computer 10. 

for simplicity of description, only one binary synchro- 50 jh e provision of the micro CPU 42 is an important 
nous control system will be illustrated and described. aspect of the invention, in that data handling such as 
The DAA 34 is connected to the modem 36 which synchronization and blocking and unblocking of the 
may comprise, for example, a 201 A data set manufac- data may be accomplished exterior to the computer 10. 
tured by the American Telephone & Telegraph Com* As will be subsequently described in greater detail, the 
pany. For a more detailed description of the 201 A data 55 micro CPU 42 may comprise a relatively inexpensive 
set reference is made to the technical reference enti- and simple circuit, and therefore the computer 10 is re- 
tled "Data Sets 201 A and 20 IB", published Aug. 1969 Heved of a substantial amount of software require- 
by the American Telephone & Telegraph Company. ments. This also enables the computer 10 to operate as 
Briefly the data set 201 A transmits serial binary data a true message switcher, as the computer 10 may oper- 
over conventional voice band telephone lines using ou ate upon messages rather than data blocks, 
phase shift keying (PSK) modulation. A transmitter in The CRC register and control 44 performs cyclic re- 
the data set 20 1 A converts serial binary data to bit dundancy checks (CRC) upon the message blocks 
pairs cal ed dibits, which modulate a carrier. Each within the micro CPU 42 prior to transm.ssion of the 
S^^SmSom of four possible carrier phase 65 message blocks to the computer 10. The register and 
S TheTeleohone line signal therefore comprises a 65 control 44 generates CRC error detection codes which 

dements at one area powerful method of block checking. Basicalty,the 
half h nfSi filtering and shaping, the tele- CRC is a division performed using the numeric binary 
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value of the message as a dividend, the dividend being nected to inputs of the gates 50, while the output of 
divided by a constant. The quotient is discarded, and register 64 is connected to inputs of the gates 52. 
the remainder serves as the check character which is An output of register 58 is connected through an in- 
then transmitted as a block check (BCC) character im- verter 66 and through NAND gates 68, 70 and 72 to 
mediately following a check point character. The CRC 5 the drive and teletype lines in the manner shown in 
register and control 44 compares a transmitted remain- FIG. 1. Gating signals are applied to registers 62 and 64 
der to its own computed remainder and finds no error via a lead 74 connected to a flipflop 76 which in turn 
if they are equal. Only after no CRC error is found is is connected to a flipflop 78. Gating signals are applied 
a message block transferred to the computer 10. to registers 54 and 56. Gating signals are also applied 

The CRC computation is described in greater detail *0 to registers 62 and 64 from a NAND gate 80. 

in the publication entitled "General Information- Gating signals are applied to registers 54 and 56 from 

-Binary Synchronous Communication;' published De- a flipflop 82 and from an inverter 84. Three NAND 

cember 1969 by IBM Systems Development Division. gates 85 are interconnected as illustrated to clock the 

outputs of fiipflops 76, 78 and 82 to the data buss 18. 

Another important aspect of the invention is that the 15 Three inverters 86 are connected through a NAND 
system operates in the transparent-text mode wherein gate 88 to a flipflop 90. This circuitry operates to drive 
line control characters may be utilized either as control lamps, not shown, to indicate whether the system is in 
commands or as text data. As an example, a particular a receive mode. A NAND gate 92 is connected to the 
line control character is data link escape (DLE). In inputs of NAND gate 80 and then are connected to an 
order to transmit data containing DLE not used as a output of flipflop 78 in order to control the loading of 
control character, a second DLE is added to the data the input registers in the manner to be subsequently de- 
block. When the micro CPU 42 detects a DLE DLE, scribed. A NAND gate 94 is connected through a 
one of the DLEs is thrown away and the second DLE NAND gate 96 to registers 58 and 60 to control the 
is accepted. This enables the data utilized with the pres- 25 loading thereof. Three inverters 98 are interconnected 
ent system to be completely transparent. Operation of through a NAND gate 100 with the flipflop 90 in order 
the transparent mode will be later described in greater to provide control of send mode lamp drivers, 
detail. Operation of a flipflop 102 is controlled by gating sig- 

Because the micro CPU 42 and the CRC register and nals applied through a NAND gate 104 and NAND 

control 44 operate upon the data prior to input into the 30 gates 106 and 107. The Q output from flipflop 102 is 

computer 10, the computer 10 is not required to per- applied to control the mode of operation of the regis- 

form synchronization, blocking and error check func- ters 58 and 60. Registers 58 and 60 may be loaded with 

tions, but sees only a series of valid characters stream- either serial data bits or parallel data bits. Operation of 

ing in from the data buss 18. The present binary syn- flipflop 102 determines whether the registers 58 and 60 

chronous system thus provides a substantial reduction 35 are operating in either the serial or the parallel mode, 

in expense and complexity of software within the com- Control signals for flipflop 102 are provided by a phase 

puter 10 and enables the capacity of the computer 10 generator and a bit generator. 

to be utilized for other functions. The phase generator comprises a flip flop 108, the R 
The micro CPU 42 also accepts data from the data terminal of which is connected to the Q terminal of a 
buss 18 which was output from the computer 10. Dur- 40 flipflop 109. The remainder of the phase generator cir- 
ing such operation, the micro CPU 42 fills a buffer with cuitry comprises a NAND gate 110 connected between 
the data transmitted from the computer 10. When the a BCD decoder 111 and a three bit divide-by-eight 
buffer is filled with 160 characters, the buffer is full and counter 1 12. The outputs of the decoder 111 are ap- 
a flag is transmitted to the computer 10 to stop the plied through six inverters 113 which generate phase 
transmission of data. When data is shifted from the 45 control signals PHO-3 and 5-6. A seventh phase signal 
buffer, the flag indicates that additional data may be PH4 is applied via an inverter 114. These phase control 
accepted. The data is blocked and suitable control and signals are utilized for various controls throughout the 
CRC characters are added to the message blocks. The system and particularly for control of operation of flip- 
data is then transmitted through the micro circuit con- flop 102. Clock signals are applied to the phase genera- 
trol 40 to the telephone lines for reception by a proper 50 tor v j a NAND gates 115. 

terminal. The bit generator generally comprises a BCD de- 

In order to fully describe how the present binary syn- coder 116 and a divide by 16 binary counter 117, The 

chronous system may be interconnected along data output of decoder 116 is applied through inverters 118 

buss 18 with asynchronous circuit control devices, FIG, to provide five bit signals BIT 0 and 6-9. A bit signal 

2 illustrates the five level asynchronous control system 55 BIT 10 is generated via a NAND gate 119 and an in- 

20 in schematic detail. The high speed data buss 18 for verter 120. These bit control signals are utilized for var- 

providing input and output to the computer 10 is con- ious control purposes including the control of flipflop 

nected to four NAND gates 50 and four NAND gates 102. 

52 which operate to gate 8-bit data onto the data buss An enable signal is applied through an inverter 121 
18. A 4-bit register 54 and a 4-bit register 56 are also to gate 72 to control the output to the teletype lines, 
connected to gate 8-bit data from the data buss 18. The Clock signals for the system are applied through an in- 
output of register 54 is connected to a 4-bit shift regis- verter 122. A Device Select command from the com- 
ter 58, while the output of register 56 is connected to puter 10 is applied through a NAND gate 123 and 
a 4-bit shift register 60. The output of shift register 58 5 through an inverter 124 to five NAND gates 125-129. 
is connected to a 4-bit input holding register 62, while An XX address signal is also applied to NAND gate 123 
the output of register 60 is connected to a 4-bit input from an address register. The output of NAND 125 is 
holding register 64. The output of register 62 is con- applied through an inverter 84 and to an input of a 
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NAND gate 130 which controls, along with NAND flop 143 back on to hold the line closed again. As the 
gate 131, the operation of flipflops 76 and 78, system is asynchronous, once the flipflop 143 is 

The output of NAND gate 126 is applied through an stopped, the line is closed again until the system re- 
inverter to inputs of the NAND gates 50 and 52 in ceives another start bit from the line or a command 
order to control the gating of data onto the high speed 5 from the computer 10 to load the output register, 
data buss 18. The output of gate 126 is also applied to The flipflop 82 provides an indication when the out- 
an input of NAND gate 130 and to the flipflop 90. The put buffer is ready for additional data. The flipflop is 
output of NAND gate 127 is applied through an in- set by a signal applied from the NAND gate 125 and 
verter to inputs of the NAND gates 84. The output of the flipflop is cleared by a clock signal. The flipflop 76 
gate 128 is connected to a flipflop 133 which may be 10 provides an indication of an error when data is in the 
operated to provide an open line signal to NAND gate input buffer and another character is erroneously 
70 to maintain the teletype lines open when desired by clocked in. The NAND gates 84 clock the outputs of 
the computer. Flipflop 133 is also connected to an flipflops 70 and 82 onto the data buss, 
input of NAND gate 130 and through a NAND gate In operation, when the system is in the transmit 
134 and an inverter 135 to the flipflop 82. The output 15 mode, 8-bit parallel data is received from the computer 
of NAND gate 126 is connected to the flipflop 133 and over the high speed data buss 18 and is loaded into the 
also to an input of NAND gate 130 for control thereof. registers 54 and 56. As soon as the conditions are right, 

as indicated by stopping of the shifter control flipflop 

NAND gates 136 and 137 receive signal and phase 143, the data is shifted into registers 58 and 60. The 
shift signals for control of a NAND gate 138 connected 20 registers 58 and 60 at this time have been shifted by re- 
to a counter 139. Counter 139 counts the phases of the mote control into the serial mode, such that the data is 
bits which indicate spacing and does not provide a shifted out of the registers 58 and 60 in a serial manner, 
count when the bits indicate marking. The signal inputs The serial data may then be shifted through the inverter 
of NAND gate 137 are connected through a NAND 66 and outwardly through NAND gates 68, 70 and 72 
gate to NAND gates 140 and 141. The output of gate 25 t o the driver circuitry and the teletype lines. The data 

141 is also connected to the counter 139. Inputs of is then visually printed out at the addressed teletype, 
gates 136 and 140 are connected to inputs of a NAND When the system is in the receive mode, serial data 
gate 142 which is connected to a shifter control flipflop is loaded into registers 58 and 60 through an inverter 
143 and a start flipflop 144. Stop phase and stop bit sig- from the teletype lines. When the data is desired by the 
nals are applied through a NAND gate 145 for control 30 computer, the registers 62 and 64 receive the data in 
of the flipflop 143. Stop phase and stop bit signals are parallel form. Upon command by the computer, the 
also applied through a NAND gate 146 for control of parallel data is then read out through the NAND gates 
the flipflop 144. Off phase and Off bit signals are ap- 50 and 52 onto the high speed data buss 18 for trans- 
plied through a NAND gate 147 for control of the flip- mission to the computer 10. Control of the system is 
fl 0 p no. 35 provided by the phase generator which generates tim- 

The flipflop 144 is set by a stroke pulse applied from ing signals indicating when to clock data in and out and 
NAND gate 142. An input to gate 142 is applied from when to clock stop bits and the like, 
the flipflop 82 to indicate that the output register has An asynchronous control system similar to the cir- 
data ready to be shifted. When the start flipflop is set, cuitry shown in FIG. 2 is manufactured and sold by Ac- 
the mode control of the register is set to parallel so that 40 tion Communication Systems, Inc. of Dallas, Texas. A 
the data may be shifted out into parallel and to the data large number of such asynchronous control devices 20 
buss 1 8. Upon receipt of the next clocking pulse by the may be connected to the high speed data buss 18 shown 
output register, the data is shifted to the data buss. in FIG. 1. Additionally, a plurality of universal asyn- 

The shifter control flipflop 143 is started by a start bit chronous control circuits which operate generally 
on the line signal applied through NAND gates 136 and 45 along the same lines as that shown in FIG. 2, may also 
138 to the flipflop 139. Normally, a low input is re- be connected along a high speed data buss 18. An im- 
ceived from the driver card, not shown, and applied to portant aspect of the present invention is that the novel 
the NAND gate 136. When the signal goes high to the binary synchronous control device of the invention 
NAND gate 136, the data is clocked through NAND may be connected to the high speed data buss 18 and 
gates 148 and 140 and 141 to the counter 139. 3U operate along with the plurality of asynchronous con- 

The counter 139 counts the phases of the bits which trol devices also connected along the data buss, 
indicate spacing and does not count when the bits indi- Referring to FIG. 3, wherein like numbers are uU- 
cate marking. The counter provides a count to four and Hzed for like and corresponding elements previously 
provides an indication that phase four of the pulse has described in FIG. 1, a leased or designated telephone 
been received. The counter 139 generates an indica- 3 line is connected to the data access arrangement 
tion on lead 149 in order to turn on flipflop 109. Opera- (DAA) 34 which serves to interface between the tele- 
tion of flipflop 109 releases the bit and the phase count- phone line and the automatic calling unit (ACU) 32 
ers and serial data is then clocked through the system. and the modem 36. The ACU 32 is connected through 

the driver 30 to the ACU control circuit 38, to be sub- 
After the end of the fifth data bit, the mode control sequently described in greater detail. The modem 36 is 
is switched to parallel and no more data is shifted out. connected through a driver 38 to an input shift register 
The stop bit is then clocked from the flipflop 143. Flip- 150. 

flop 143 is reset by a signal applied from NAND gate The input shift register 150 comprises an eight bit 

142 through an inverter. Flipflop 143 normally holds shift register for converting the serial data tapped from 
the line in the marking position. The resetting of the the driver 38 into eight bit parallel data. The dnver38 
flipflop 143 frees the line for spacing position until the also provides a clock signal to the register 150. I he 
fifth data is transmitted. NAND gate 145 turns the flip- output of the register 150 is applied to a sync compara- 



09/22/2003, EAST Version: 1.04.0000 



3,825,905 

11 12 

tor 152 which detects a predetermined sync character register and character is stored in two index registers in 

which is a unique eight bit block character. When the the micro CPU and is transferred to the RAM during 

comparator 152 detects the sync character, synchroni- the time when the RAM instruction is executed. When 

zation is established and the lock flip flop 154 is actu- the RAM output instruction is received by the CPU 

ated. A N AND gate 156 locks a character shift register 5 170, the content of the CPU accumulator is transferred 

158 into a sync mode. After synchronization is estab- to the four RAM output lines. 

lished, a clock signal is generated from the character The output of RAMs 186 and 188 are connected to 
shift register 158 each eight bits and is applied via lead a CRC register 208. Register 208 calculates the cyclic 
160 to a test digital multiplexer 162 to maintain the sys- redundancy check code of the next message block be- 
tem in synchronization. 1° fore transmittal to the digital computer 10, in a manner 
The parallel data is applied from register 150 through to be subsequently described. The micro CPU 170 then 
the sync comparator 152 to a digital multiplexer 164, compares the calculated CRC error signal with the 
Multiplexer 164 multiplexes the incoming data with CRC character transmitted in the incoming data to de- 
outgoing data in a manner to be subsequently de- termine the accuracy of the incoming data. The output 
scribed. The output of the multiplexer 164 is connected 15 0 f the CRC register 208 is applied through the input of 
to the input lines of read only memories (ROM) 166 tne multiplexer 164 for input into the micro CPU 170. 
and 168. ROMs 166 and 168 comprise semi-conductor 

chips which store a micro program for operation of the jh e digital message switching computer 10, previ- 

micro central processor unit (CPU) 170. ROMs 166 ous jy described in FIG. 1, is connected to a high speed 

and 168 are programmed by the use of a custom metal 20 input dflta buss j\q which is connected to the output 

mask. A suitable ROM for use with the present inven- Q f an mput buffer 212. The inputs of the input buffer 

tion is the 4001 ROM manufactured and sold by the are connec ted to RAMs 174 and 176. The computer is 

Intel Corporation, Santa Clara, California. a | so connected to a high speed output data buss 214 

The output from the digital test multiplexer 162 is ap- which is connected to the input of an output buffer 

plied to the input of the micro central processor unit 25 ^ busses 210 and 214 comprise the previously 

(CPU) 170. The micro CPU 170 is the heart of the described data buss 18. A plurality of other communi- 

present system and performs a plurality of operations cat j on control devices 218, such as the asynchronous 

upon the input data pTior to inputting the data into the contr ol devices and automatic calling units described in 

message switching computer 10, In the preferred em- nG ^ m connecte d a i ong the data buss 214. Addi- 

bodiment, the micro CPU 170 comprises a single chip JU tional binary synchronous circuits such as shown in 

unit which operates upon four parallel bits at a time. A FJG 3 m&y be attache d along the data buss 214. 

suitable micro CPU for use with the invention is the The output of the buffer 216 is connected to the mul- 

4004 CPU manufactured and sold by Intel Corpora- liplcxcr 164 . Computer 10 is connected through 

tion. The 4004 CPU and associated circuitry are sold NAND gates 220 and 222 to a flip-flop circuit 224 to 

in a complete system under the trade name MCS-4 ovide a reset signa i for operation of the micro CPU 

Micro Computer Set by Intel Corporation. J 70 

The four inputs of the micro CPU 170 are connected ^ ^ d muk jpi e xer 162 receives inputs from 

to the terminals of ROMs 166 and 168 and are also & fa anJ ffom vafious Qther inputs indud _ 

connected to each of the tem.nals of 1 ^6 random access 2 the character shifl register 

memories (RAMs) 172-204. RAMs 194-204 are iHus- »"« * J M ^ ^ modcm 36 and th< ? Uke 

trated in a single electncal block for ease on"us^ation. ^ multiplexer 162 thus generates a test 

In the preferred embodiment, the RAMs 172-204 com- £ al t0 lne micro CPU m to indicate 

prise the 4002 RAM manufactured and sold by hue when a data J ^ accepted to allow pressing of ad- 

Corporat on as a portion of the MCS-4 system. Each of u " F 117ft 

the^AMs 172-20^ store 320 b.ts arranged^ four 45 d^onal J ^^J^ tQ . status 

registers of twenty 4 -b>t .char acters each Jn addit on, P which ^ connected (o ^ 

each of the RAMs nich.de. four output Imes and asso- • connected to the computer 10. The 

ciated control logic to pert orm owpul- °Pf ^nons. P chccfe on £ ^ 

For a detaded ^^^^^^"^ 50 ? nput a„ d 0 J?p U t data conditions for control of the flow 

ZlTrnT^'W™ STS-ScTSt ofVa through the system by means of gating signals. 

User's Manual'; ^ published I in March, 1972, by Intel Avisualdi lay232isconnectedtooneofthe output 

Corporate of Santa Clara gj- busses of ^Jxo CPU 170 to provide an indication 

cle^of a'™ z'c Sc fnl C Suence 8 Z 55 of the test mu.tip.exer input and the ROM address that 

mLro CPU 170 2Ls 12 bits of address (in three four- «• present* being "^J^S&'JSS^Z 

bit bytes on the computer data buss) to the ROMs 166 prov.ded on the display 232 to indicate the state of the 

and 168 in the first 3 cvcles of operation. This address function input to the test multiplexer. 

^£^&Z&2dcL ou^of the 256 60 The outputs of RAMs 178 and 180 a« , apphed to n 

eieht bit words in the selected ROM. The selected 60 output sh.ft register 236, the operatton of which aeon- 

ROM transits back eight bits of instruction to the trolled by a character clock 238. The clock 238 also 

micro CPU HO in the next 2 cycles of operation. This supplies clock signals to the test d.gittl multiplexer 

miction i sent over the four line data buss to the 162. The output of the shift register 236 is applied 

S CPU 70. The instruction is then interpreted and 6J through a driver 238 to the modern 36 to enable trans- 
muted in the final hree cycles of operation. Each of 65 mission of data to the telephone lines. The output o 

h S command "control lines on the CPU 170 con- one of the RAMs 194-204 is applied to a control signal 

rols a set of four RAMS. The address of a RAM chip. generator 240 for the modem 36 for control thereof. 
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Binary synchronous operation of the present system An important aspect of the present invention is the 
is accomplished according to the accepted conventions operation of the system in the transparent- text mode 
set forth in such publications as "General Information- which permits wide versatility in the range of coded 
Binary Synchronous Communications" published by data that may be transmitted. In this mode, all data, in- 
the IBM Systems Development Division, Communica- 5 eluding the normally restricted data-link line control 
tions Systems Publications, Research Triangle Park, characters, are treated only as specific "bit patterns'* 
N,C. 27709, in Dec. 1969. In the preferred embodi- when transmitted. Thus, unrestricted coding of data is 
ment of the invention, the transmission code set known permitted for transparent mode operation. All line con- 
as the Extended Binary Coded Decimal Interchange t">l characters may thus be transmitted either to pro- 
Code (EBCDIC) is utilized for line control characters. 10 vide control functions or as transparent data without 
The code set known as the United States of America taking on a control meaning. 

Standard Code for Information Interchange (USAS- In order to be recognized as a control function, all 
Cll ) is utilized for the transmission of text data. As will control characters transmitted during transparent 
be subsequently described, these codes are utilized in data text mode must be preceded by a DLE. Thus, the 
the transparent mode to increase the flexibility of the 15 following sequences are effective during transparent- 
present system, since all possible bit configurations are mode operation to provide control functions: 
treated as "data only" within transparent text. DIE STX initiates the transparent mode for the fol- 
Message transmission according to the present inven- ^"I^iL . . u . \ 
tkm comprises one or more blocks of text data. The , n DL ™ * "J* J * * P *n r . lit 
text is transmitted in blocks to provide a more accurate 20 turns the dauhnk to normal mode, and calls for a reply 

and efficient error control. The text data is the body of ^, _ ..... «. 

*7 . . . , « , . ^ . . t , C xv^ DLE ETX terminates the transparent text, returns 

te message »d J ■ TjLnTL^l ** data link to normal mode, and calls for a reply 

block is imm S tely followed by an end of transmis- » ^LE^ 

sion block : (ETO Una controUharacter or an interne- rctums J link to normal mode 

d.ate block (1TB) character The last clock of text data qle D LE used to permit transmission of DLE as 

inamessage is immediately followed by an end of text ^ wheR ft Wt pattem equivalent to DLE appcars 

(ETX) character. ... 30 within the transparent data. One DLE is disregarded by 

The text of the message is generally preceded by a ^ g Mother is treated as data, 

heading that contains auxiliary information such as sta- ^ ^ tenninatcs an in t errne diate block of trans- 

tion control, pnonty and the like pertaining to the text t ^ retums ^ data , mk t0 norma , mode ^ 

data. The heading is identified by the start of heading does nQt ^ fQr a , ^ b|ock thecV character f 0 |- 

(SOH) character immediately preceding it. As previ- 35 (ows DL£ ITB 

ously noted, as each message block is completed, the Operation of the circuit shown in FIG. 3 will initially 

block is checked for transmission accuracy at the re- ^ describe d in the operating mode wherein binary 

ceiver before the transmission continues. While a num- coded lone ^g^g m transmitted from a terminal over 

ber of error checking procedures are available, in the the te | epnone |i nc to the DAA 34. The binary coded 

preferred embodiment cyclic redundancy checking 40 tone signals are transmitted through the DAA 34 to the 

(CRC) is utilized. modem 36, wherein the tones are converted into serial 

As outlined in more detail in the above-identified electrical binary coded signals. The electrical binary 

IBM publication, control of the present communica- coded signals are applied through the driver 38, along 

tions system is maintained by the use of line control with dock signals, and are input into the input shift reg- 

characters and sequences. The following is a listing of 45 igter j 50> 

the more commonly used characters: jhe serial binary electrical signals are converted by 

SYN-Synchronous Idle the register 150 into eight bit parallel digital signals 

SOH-Start of Heading which are applied to the sync comparator 152. The ini- 

STX-Start of Text tial character transmitted will generally be a predeter- 

ITB-End of Intermediate Transmission Block 50 mined sync character which is detected by the compar- 

ETB-End of Transmission Block a tor 162. Upon such detection, the lock 154 is ener- 

ETX-End of Text gized to lock the register 158 in the synchronization. 

EOT-End of Transmission The comparator 162 is thereafter disabled and register 

ENQ-Enquiry 158 generates a character clock each eight bits to 

ACK O/ACK 1-Alternating Affirmative Acknowl- 55 maintain the system in synchronization. The outputs of 

edgments the lock 1 54 and the register 158 are applied to the test 

WACK-Wait-Before-Transmit Positive Acknowledg- digital multiplexer 162 to provide an indication of the 

ment status of operation. The parallel synchronized digital 

NAK- Negative Acknowledgment signals are then applied through the multiplexer 164 to 

DLE-Data-Link Escape the micro CPU 170. The operation of the micro CPU 

RVl-Reverse Interrupt 170 is determined by the stored programs in the ROMs 

TTD-Temporary Text Delay 166 and 168. 

DLE EOT-Disconnect Sequence for a Switched Line Initially, the micro CPU 170 detects the transmitted 

65 sync character and strips the line control sync charac- 

For further descriptions of the above-captioned line ter from the remainder of the data. The micro CPU 170 

control characters, reference is made to the aforesaid then looks for the start of a message block which is in- 

IBM publication. dicated by the data link escape character (DLE) and a 
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start of text character (STX). After detection of these generates a test signal to the micro CPU 170 to indicate 
line control characters, all of the characters following that the data has been accepted within the register 236 
are stored in the selected ones of the RAMs 172-204. and additional characters are accepted by the CPU 170 
In the preferred operation of the invention, a message and processed. The data within the shift register 236 is 
block is normally 160 characters long and ten charac- 5 converted into serial electrical digital data and is trans- 
fers are thus stored in each of the RAMs 172-204. mitted through the driver 238 to the modem 36. The 
At the end of a message block, a sequence of a DLE electrical digital data is converted into binary coded 
and end of block (ETB) or end of transmitting of text tone data and is transmitted through the DAA 34 to the 
(ETX) is detected by the micro CPU 170 to terminate telephone line for transmission to the designated termi- 
the message block. The next characters received by the 10 nal. 

micro CPU 170 are cyclic redundancy check (CRC) FIG. 4 illustrates in schematic detail the circuitry of 
error characters. These CRC characters have been cal- the input shift register .150, the sync comparator 152 
culated by the transmitting remote terminal and are de- and associated circuitry. The serial input signals ap- 
scriptive of the content of the transmitted data. The plied from the modem 36 and drivers 38 are applied 
characters contained in the message block are input 15 through an inverter 250 to the input of the eight bit 
into the CRC register 208 and a resulting CRC error shift register 150. The register 150 converts the serial 
check signal is computed by the register 208. The input signals into parallel eight bit data. The parallel 
micro CPU 170 then compares the transmitted CRC data is applied to the multiplexer 164 via terminals 252. 
character with the CRC error check character gener- The parallel eight bit data is also applied to a compara- 
ated by the register 208. If the two characters agree, 20 tor circuit 152 comprising a pair of digital comparator 
the message block stored in the RAMs 172-204 is accu- circuits 254 and 256. The comparator circuits 254 and 
rate and the micro CPU 170 transfers the message 256 are set to detect a predetermined eight bit sync 
block to the input buffer 212. The message block is character. 

then fed to the high speed data buss 210 for input into Upon detection of the sync character, an output is 
the computer 10. The computer 10 then checks the 25 applied from the comparators to NAND gates 258 and 
data for format and stores the data for subsequent 260 which apply a lock signal to the character shift reg- 
transmission to the designated station. ister 158. The lock 154 operates in conjunction with 

An important aspect of the invention is that the the NAND gates 258 and 260 to lock the character 
micro CPU 170 and the associated circuitry synchro- shift register 158 into synchronization. Thereafter, the 
nizes the incoming digital signals and arranges the text 30 register 158 generates a character clock signal every 
signals into a message block prior to input into the eight bits for application to the micro CPU circuitry for 
computer 10. Thus, the present system eliminates the synchronization thereof. Additionally, the flip-flop 154 
requirement of a substantial amount of programming generates lock signals which are applied to the test digi- 
and resultant workload upon the computer 10. Addi- tal multiplexer. 

tionally, the micro CPU 170 and associated circuitry is 35 Inverters 262 are connected to the input of the 
relatively inexpensive, and thus a plurality of additional NAND gate 258 and the Q-terminal of the flip-flop 
terminals may be added to an overall system by con- 154. The inverters 262 are tied together at a terminal 
nection to the high speed data buss 214, without over- 264 to provide a Receive signal. The character shift 
loading the capacity of the computer and without the register 158 also generates a Serial Clock Receiver and 
requirement of expensive programming changes. 40 a receive clock signal. 

When it is desired to transmit stored data from the FIG. 5 illustrates the digital multiplexer 164 and the 
computer 10 to a terminal on the telephone line, the CRC register 208, The digital multiplexer 164 corn- 
computer 10 initiates the automatic dialing of the num- prises four multiplexer circuits 280-286. Multiplexer 
ber by the ACU 32 through the DAA 34. When a com- circuits which may be used with the circuit comprise 
munication link has been established, the modem 36 is 45 74153 Multiplexers. The RAM and ROM bit connec- 
interconnected to the DAA to convert the generated tions into the multiplexer are labeled at the corre- 
electrical digital signals into tone signals for transmis- sponding terminals. Inputs to the multiplexer from ter- 
sion over the telephone line. minal 252 from the register 150 are identified as termi- 

The computer 10 then initiates operation of the nals 290. Terminals connected to the output buffer 216 
micro CPU 170 and its associated circuitry and trans- 5U are identified as terminals 292. 
mits parallel data to the high speed output data buss The remainder of the circuitry shown in FIG. 5 com- 
214. The data is buffered through the output buffer 216 prises the CRC register 208. The remaining terminals 
and is applied through the multiplexer 164 to the micro of the multiplexer circuits 280-286 are connected to a 
CPU 170. When the buffer 216 is filled with 160 char- pair of holding registers 294 and 296. In the preferred 
acters, input is stopped by transmittal of a flag from the embodiment, the registers 294 and 296 comprise eight 
micro CPU 170 to the computer. As the characters are bit registers such as 74198 parallel input shift registers, 
read in by the micro CPU 170, CRC characters are cal- 
culated by the CRC register 208 and are stored in the A plurality of exclusive OR gates 30Ga-p are inter- 
RAM memories. Once a message block is completely 6Q connected to receive the outputs of RAMs 184 and 186 
filled, or if the computer 10 sends a signal which indi- and the output of register 296. The input of gate 300a 
cates that the block is completed, the micro CPU 170 is connected to receive bit zero from RAM 186, with 
brings the message block out of RAM memory and in- the second input of gate 300a being interconnected 
puts the block into the output shift register 236. The with register 296. The output of exclusive OR gate 
micro CPU 1 70 adds the desired line control characters 65 300a is interconnected with an input of gate 3006. The 
such as the sync character and starting and end of mes- second input of gate 300/j is interconnected with regis- 
sage characters, to the message block prior to output ter 296. The output of gate 300/? is interconnected as 
through the shift register 236. The test multiplexer 162 an input with gate 300c. The second input to gate 300c 
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is connected to RAM 186 to receive bit one therefrom. check. For a more detailed description of the CRC 
The output of gate 300c is tied to the input of gate computation, reference is made to the publication 
300J. The second input of gate 300<f is tied to register "General Information — Binary Synchronous Commu- 
296. The output of gate 300c is tied to the input of gate nications/ 1 published Dec. 16, 1969 by IBM Systems 
300c. The second input of gate 300c is connected to 5 Development Division, Communications Systems Pub- 
RAM 186 to recive bit two therefrom. lications of Research, Triangle Park, N.C., and addi- 
The output of gate 300* is tied to the input of gate tional publications listed in the IBM SRL Bibliography 
300/, with the second input of gate 300/ being con- Supplement — Teleprocessing publication No. GA2- 
nected to register 296. The output of gate 300/ is tied 4-3089, published by IBM Systems Development Divi- 
to the input of gate 300#. The second input of gate 10 s i 0 n. 

300$ is connected to the output of RAM 186 to receive Briefly, the CRC register 208 shown in FIG. 5 utilizes 
bit three therefrom. The output of gate 300$ is tied to tne numeric binary value of the message block stored 
the input of gate 3O0h. The second input of gate 300/r \ n the RAMs as a dividend which is divided by a con- 
is connected to register 296. The output of gate 300A stant resu ltarit portion of the division is discarded 
is tied to the input of gate 300*. The second input of 15 md che re m a inder serves as the CRC check character, 
gate 300i is connected to RAM 188 to receive bit zero check character is transmitted through the multi- 
therefrom. The output of gate 300i is connected to the p j exer 164 for cornparison i n the micro CPU 170 with 
input of gate 300/ The second input of gate 300j is con- the transmitted CRC character for the message block, 
nected to register 296 and the output of gate 300; is Alternatively, when the system shown in FIG. 3 is trans- 
tied to an input of | gate 300k. The second input of gate 20 mM a m b|ock thc CRC charactcr is com . 
300* is tied to RAM 188 to receive bit one therefrom. ted b ^ 208 ^ is attached b tne micro 
The output of the gate 300* is tied to an input of gate cpu 170 at thc end of a m block for cornparisoll 
3001 The second input of gate 3001 is connected to at the rcmote statjon If ^ compared CRC characters 

^The'outpJt of gate 3001 is tied to the input of gate 2S ° f aCCUraCy ° f 

JK'iffJ 6 thC t P V* ^ U ^ t0 r iW- « ^ates the input and output buffers and as- 

RAM 188 to receive bit two therefrom. The output of M ^ p Qf ^ ^ ^ . 

gate 300m is connected to the input of gate 300n and . «. i r* f M *vin * 

f. „ j ■ * r * • j * * * -ia^ buffer 212 compnses a plurality of NAND gates 350 

the second input of gate 300/1 ts tied to register 296. ♦ ^ **u * * *u /* *u i. j j * 
The output of gate 3Wn is tied to an input of gate 300o. 30 connected a toe outputs thereof to the high speed data 

The second input of gate 300o is connected to RAM !*? ut ^ 210 f * * lch " connected to the computer 10. 

188 to receive bit three therefrom. The output of gate ™ e <«^of the gates 350 are connected to the out- 

300o is tied to an input of gate 300p. The second input « a 13 4 cl ^ cter *!« ™> firet u ° u L^l^ ' 

of gate 300p is connected to register 294 and the out- 352 ' ™ c *?* s 350 « atc 1 data ^ni the buffer 352 to the 

put of gate 300p is tied to an input of register 296. " computer 10 upon application of a DIB gating signal 

The output of gate 300a is connected to an input of generated L m ^P° nse 10 a command from the com- 

exclusive OR gates 302a and 302c. The second output P uter * 3 " may compnse a buffer SI 709 manu- 

of the gate 302a is connected to the output of register ^ctured and sold by American Micro Systems Corpo- 

294. An input of gate 304* is connected to the output ratlon / Thc l "P ut <? f *f cr 352 15 connected to the out- 

of gate 300c, with the second input of gate 302i> being 40 P ut of «" e, 6 ht blt holdin 8 re * ister 354 whlch m ^ com * 

connected to an output of register 294. The second P r "* for example a 74198 register, 

input of gate 302c is connected to the output of gate ^ in P uts to thc holding register 354 are connected 

300c. The inputs of gate 302d are connected to the out- to receive «*« bit in P uts from ***** 174 and * 76 

puts of gates 300c and 300$. The outputs of gate 302c Positive bias is applied to terminal 356 for bi- 

are connected to the outputs of gates 300c and 300/. 43 asin 6 of ^ ch of ^ ei S nt data lines on th « input «"* 

The inputs of gate 302/are connected to the outputs of out P ut of tne holding register 354. A status indicating 

gates 300g and 300*. The inputs of the gate 302g are terminal of the buffer 352 is connected to the input of 

connected to the outputs of gates 300/ and 300m. The a NAND gate 358, the output of which is connected 

inputs of gate 302A are connected to the outputs of through an inverter 360 to generate the DATI signal 

gates 300* and 300o. 50 which indicates that data inputs from the buffer 352 are 

The outputs of gates 302a and 302* are connected to available for the high speed data buss. The second 
the inputs of register 296, with the outputs of gates input of the gate 358 is connected to the Q-terminal of 
3Q2c-h being connected to inputs of register 294. The a flip-flop circuit 362. The clear terminal of the flip- 
outputs of gates 302a and 302ft are connected to multi- flop 362 is connected to the Q of a flip-flop 364. 
plexer 280* The outputs of gates 302g and 302* are The Q-terminal of flipflop 364 is connected to an 
connected to inputs of the multiplexer 282, The out- input of a NAND gate 366, the output of which is con- 
puts of gates 302c and 302/are connected to inputs of nected to the clear input of a flip-flop 368. The O ter- 
the multiplexers 284. The outputs of gates 302c and rriinal of the flip-flop 368 is connected to a terminal of 
302J are connected to inputs of the multiplexer 286. 6Q a NAND gate 370. The output of gate 370 is tied 

In this manner, the outputs from the RAMs 186 and through an inverter 372 to the ORE terminal of the 
188 (FIG. 3) are applied through the CRC register 208, buffer 352. The input of the inverter 372 is also con- 
wherein the CRC character for the data is computed. nected to the CK terminal of the flip-flop 364 and to 
The CRC character is then applied through the multi- the output of gate 374. The inputs of gate 374 are tied 
plexer 164 for comparison by the micro CPU 170. 65 together and are connected via lead 375 to a terminal 

The exclusive OR gates 300o-p and 302a-/i are inter- 376 for receiving a reset signal. Timing signals ^lTTL 

connected with the registers 294 and 296 in order to and <£2TTL, to be later described, are applied to inputs 

compute a complex polynomial cyclic redundancy of gates 366, 370 and flip-flops 362 and 368. 
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A Put Character In Input Signal is applied to the CK second input of the gate being connected to the 0 ter- 
terminal of a flip-Hop 380, the Q-terminal of which is minal of the flip-flop 428. The output of NAND gate 
connected to an input of a NAND gate 382. The output 434 is also tied to the CLR terminal of the flip-flop 430. 
of eate 382 is connected to the CLR terminal of a flip- The DOB signal is applied to the CK terminal of flip- 
flop 384 The Q output of flip-flop 384 is connected to s flop 430. The O terminal of the flip-flop 430 is con- 
an inout of a NAND gate 386, the output of which is nected to an input of a NAND gate 436, *e output of 
connected through an inverter 388 to a terminal of the which is connected to the CLK terminal of the flipflop 
holding register 354. Timing signals are applied to in- 428. The second input of the gate 436 is connected to 
outs of nates 382 and 386 and to the flip-flop 384. receive a clocking signal from the inverter 402. 

A clock for control of both the input and output 10 Control of the FIFO buffer 424 is provided by a pair 

buffer comirises a frequency source 2M, which may of flip-flops 440 and 442. The «0 terminal of the 

comprise for example an NES67V frequency source. buffer 424 is .ed through an inverter 444 and *r NAND 

The output of the frequency source 390 is connected gate 446 to the Q terminal of the flip-flop 440. The 

to an input of a NAND gate 392 and through inverters 4>1TTL signal is applied to the second input of the 

394 and 396 to the base of a transistor 398. The output 15 NAND gate 446. The inverter 444 is also connected to 

of inverter 394 is also connected to an input of the gate the output of a NAND gate 448 to receive the reset sig- 

392. The output of the inverter 396 comprises a clock nal applied to terminal 376 in order to clcv tte 

signal *1TTL, while the output of the gate 392 com- buffer 424 when desired The output of NAND gate 

orises a clock signal A2TTL, these clock signals being 448 is connected to the clear terminal of the flip-flop 

Sd to vano^rtions of the circuit previously de- 20 442. The Q terminal* the flip-flop 442 ,s connected 

scribed as indicated on the drawing. to an input of a NAND gate 450, the output of which 

The collector of transistor 398 is applied to the FIFO is connected to the clear terminal of flip-flop 440. The 

buffer 352 to provide a timing signal thereto. The emit- second input of gate 450 is connected to receive the 

ter of transistor 398 is applied to the emitter of a tran- <fr2TTL clock signal. 

sistor 400. An inverter 402 is connected to the output " In operation of the output buffer shown in FIG. 6, the 

of Bate 392 and is connected through a resistor to the DOB 1 and DOB 2 signals are applied to the register 

basVof transistor 400. The collector of transistor 400 420 in order to gate data from the computer lOvia the 

is also applied to the FIFO buffer 352 to provide a tim- high speed data buss 214 into the register 420. The reg- 

ing signal thereto. Terminal 404 is tied to the FIFO ister 420 accepts the high speed parallel data and shifts 

buffeS to provide an indication that the input of the 30 the data into the holding , register 422 under the > control 

huftlr Vil k full of the flip-flops 428 and 430 which are gated by the 

ta operation of the input buffer shown in FIG. «, data clocking signals *1TTL and 4>2TTL. The data within 

is clocked from RAMs 174-176 into the holding regis- the register 422 is then docked mto the FIFO buffer 

ter 354 by operation of the flip-flops 380 and 384 upon 424 under the control of flip-flops 440 and 442 which 

receipt of a Put Character In Input signal by flip-flop « are controlled by the clocking signals * TTL and 

380. The clock signals *1TTL and *2TTL are applied *2TTL. A Get Character From Output signal is applied 
from the ctock n order to control the transfer of data at the CK terminal of flip-flop 442 when it is desired to 

STff renter 354. Register 354 accepts the rela- apply dau to the multiplexer 164. The data is then ap- 
ivelv high speed data from the RAMs 174-176 and An plied to the multiplexer 164 for appl.cation to the 
holds the datTtherein prior to clocking into the FIFO 40 micro CPU ™*^°' !a ^ t i™^X 
buffer 352, which is a slower MOS device having a 100 for transmission under the control of the computer 10. 

Characters are shifted from the register 354 into the FIG. 7 illustrates in schematic detail the output shift 
FIFoSr352byoperationofthef1i register 236 and the character clock 238 prevuusy 

The clock signals JlTTL and *2TTL control the input 45 shown in FIG. 3. The 8-b.t .npute to the register 236 are 
and oSStTthe buffer 352. When data is stored in the connected to RAMs 178 1 and 1 80 to receive message 
buffer 352, a DAT! signal is generated to the computer blocks constructed by the micro CPU 170 A Send 
10 to indicate that input data is available. When the Clock signal is provided at terminal 460. The OH ter_ 
computerTeslres data" the DIB signal is generated in minal of the register 236 is connected oterrnma 462 
order to gate the data through the gates 350 into the 50 upon which is applied a Signal In signal The load ter- 
S speed data buss 210 fof application to the com- minal of the register 236 b connected through an ,n- 
SrW. Upon receipt of a reset signal at terminal 376, verter 464 to terminal 466 to , provide an mdKatK>n * 
the FIFO buffer 352 may be emptied. FIG. 6 also illus- load the output buffer 216 (FIG i) with additional 
trates the output buffer 216 and its associated circuitry. data. The terminals of the clock 238 are applied as in- 
A^htgh^pe^d hoWtag register 420 is connected to re- 55 puts to a NAND gate 468, the ^l^ l^Z 
ceive 8 data from the high speed data buss 214. The out- nected to control the o^ng °f *e g£ gLAj 
put of register 420 is directly connected to the input of input of the gate 468 xs ^dled by a < Clear To Send 
a holdina reeister 422 which holds the high speed data In signal applied to terminal 470. This input is also ap- 
for clocKTnto a slower FIFO buffer 424. The output plied to an input of a NAND gate 472 which outputs a 
oTthe FIFO buffer 424 is applied to the multiplexer 60 Clear To Send Out signal at terminal 474. The second 
164 A signal indicating that a character is in the output input to gate 472 is the D C signal previously shown. 
im. a signal mo™ a w In operation of the circuitry shown in FIG. 7, parallel 

"532 SrSS5a * -trolled by a pair data ^received > *^«» S^tJ. 

„f fiiXfi«o« dis and 430 The CK terminal of the regis- -< register 236 under the control of the clock zss. , i ne 

t!2!SS£££* £5 an mS 432 to the out- 45 parallel data is then clocked out from register^ 236 _as 

, f MA Mn^« 4M The AITTL clock signal is serial binary data at terminal 462 for application to the 

RlW J oWonte^^ «2 wfth the driver 238%G. 3). The serial data is then converted 
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into tone data by the modem 36 and applied to the tele- system. An EOT sequence is set at 602 and sent to the 

phone lines in the manner previously described. line at 604. A decision is made at 606 as to the mode. 

FIG. 8 illustrates in schematic detail the automatic 
calling unit (ACU) control 28 shown in FIG. 3. As pre- If the system is in the send mode, a decision is made 
viously noted, the ACU control 28 controls through a 5 at 608 as to whether or not the mode is data or control, 
driver 30 an automatic calling unit (ACU) such as a In the initial operation of the system, the operation will 
801 A Bell Telephones ACU unit. A register 480 re- be the send control mode and the system will wait for 
ceives data from the high speed data buss 18 at termi- a character on the line at 608. When a character is de- 
nals 482. The data is clocked through the register 480 tected at the output at 608, the character is placed in 
and applied to a driver, not shown, which is connected 10 RAM storage to form a control block at 610. At 612, 
to terminals 484 of the register 480. The driver 30 a check is made as to whether or not the character is 
transforms the relatively low logic level signals into an enquiry character (ENO). Upon receipt of an en- 
higher EI A signals for application to the ACU 32. quiry character, the end of the control block has been 

A PND signal is applied to terminal 486 and is ap- received and the control block is sent to the line at 614. 
plied through an inverter 488 to the clock terminal of 15 If the system is set in the receive control mode at 616 
a flip-flop 490. The PND signal is also applied to the and the character block is clear, then the program con- 
clock terminal of a flip-flop 492. The PRE and CLR tinues in execution. 

terminals of flip-flops 490 and 492 are tied together If the character is determined at 612 not to be an 

through an inverter 494 to provide control to the shift ENQ, the character is inspected at 618 as to whether 

register 480. The Q terminal of flip-flip 492 is con- 20 or not it is an EOT. If the character is an EOT, a DLE- 

nected through a NAND gate 496 to generate a DATI EOT is sent to the line at 620 and the particular termi- 

14 signal to indicate to the computer 10 that another nal is caused to hang up the telephone. After sending 

digit may be sent to the ACU. a poll, the system waits to see what response is re- 

A DATOB signal is applied at terminal 498 and is ap- ceived. Thus, the system is set m the receive control 

plied as an input to a NAND gate 500, the output of * 5 mode at 616. 

which is connected to PRT and CLR terminals of flip- Referring to FIG. 9B, the receive control mode is set 

flops 490 and 492. The DATOB signal is generated at 622 and the system looks for a character on the line 

from the computer to reset the flip-flops. from the polled terminal at 624. As soon as the charac- 

A PND is applied through three inverters 502 to pro- ter is received at 624, a check is made at 626 as to 

vide a receive signal at terminal 504, A data set status 30 whether or not the character is a DLE which signals 

(DSS) signal is applied to terminal 506 and is applied that a control character is to follow. As will be subse- 

through inverters 508 to provide a send signal at termi- quently described, the terminal in some cases may send 

nal 510. In addition, the DSS signal is applied as an other characters such as an EOT which would indicate 

input to NAND gate 512, A device select (DEV SEL) that the terminal has no traffic to send. The receipt of 

and an XX address signal are applied to inputs of a 35 an EOC will be subsequently described. Also, the ter- 

NAND gate 514 and are applied through an inverter minal may send an NAK which is a negative acknowl- 

516 to inputs of NAND gates 500, 518, 520 and 522. edgement that the terminal is not ready to receive or 

NAND gate 518 is connected through an inverter 524 the wrong device has been requested or the like. The 

to the inputs of NAND gate 496 and inputs of NAND NAK reception will also be subsequendy discussed, 

gates 526, 512, 528, and 530. An abandoned call and 40 If the character is a DLE, a check is made at 628 for 

retry signal (ACR) is applied to an input of gate 526. the following character. A check is made at 630 as to 

whether or not the following character is an STX. If 

The ACR signal is provided from the ACU 32 (FIG, yes, a determination is made at 632 as to whether or 

3) and is a timing signal which begins timing as soon as not a bad count has been received; if so, the ENQ count 

the number is dialed. After the dialing has been com- 45 is cleared at 634 and the system is set to the receive 

pleted and there is no response within a predetermined data mode at 636. If a bad count is not present at 632, 

time, within a range of approximately 7 seconds to 45 the ENQ count is not cleared and the system is set in 

seconds, a DATI 15 signal is generated to indicate to the receive data mode at 636 and the program is reex- 

the computer 10 that the call should be abandoned and ecuted. 

another dialing initiated. If the character inspected at 630 is not STX, a deci- 
After the particular ACU control device shown in sion is made at 638 (FIG. 9C) as to whether or not the 
FIG, 8 has been selected by receipt of the proper DEV character is the correct block number. If the response 
SEL signal at gate 514, a start (STRT) signal is applied from the terminal is correct, the data block is emptied 
to the second input of gate 520 and a flipflop 531 is set . at 640 and the system is set to the send data mode. Ad- 
to generate a call request (CRQ) signal. The CRQ sig- ditionally, the NAK counter is reset. Now that the re- 
nal effectively takes the telephone off the hook. If it is mote terminal has indicated that it is ready to receive 
desired to put the telephone back on the hook, a clear data, an MSO flag is set at 642 to indicate that this was 
(CLR) signal is applied to an input of gate 522 which an initial response to the poll. A test is made at 644 as 
switches flipflop 531 to terminate the call. 60 to whether or not the start of MSG is on. If so, the start 
FIGS. 9A-C illustrate the functional operation of the of message flag is turned off at 646 and an ACK is 
micro CPU 170, in cooperation with the computer 10. placed in the input at 647. The ACK indicates to the 
To start the operation of the system, a poll must be computer 10 that a good response has been received 
sent. The micro CPU 170 is thus set in send control and the micro CPU 170 is ready to send data and that 
mode and the EOT sequence is set at step 600 in order 65 data is expected. The system is then placed in the send 
to put the micro CPU in an initial state such that it is control mode such that the micro CPU initiates detec- 
looking for a poll. The micro CPU at 600 also resets all tion of a data block to be sent to the remote terminal, 
flags and registers, including the CRC registers, in the 
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If the MSG flag is not present at 642, an ACK is 
placed in the input at 648 and an EOT SEQ is sent at 
649 to indicate to the computer that a positive response 
has been received from the terminal and that the termi- 
nal is ready to receive a message. 

Again referring to FIG. 9C, if a correct number is not 
sent at 638, it is then desirable to try the terminal again, 
so another enquiry ENQ is sent at 650. A check is made 
at 652 as to whether or not three ENQs have been sent. 
If not, the system is set in the receiver control mode at 
654 and the program is reexecuted. If three ENOs have 
been sent at 352, an NAK is placed in the input at 656, 
indicating that the terminal did not respond correctly. 
The system is placed then in the send control mode at 
658 and the data block is cleared at 660 due to the fact 
that it is not possible to send the terminal data. 

Again referring to FIG. 9C, a decision is made at 662 
as to whether or not the first character sent by the re- 
mote terminal is an EOT. If so, the EOT SEO is set at 
664 and an EOT is placed in the input at 666 and the 
system set in the send control mode at 668, The com- 
puter is then notified that the remote terminal does not 
have any traffic to transmit, and thus the system is 
placed back in the send control mode so that the sys- 
tem is ready for polling again in the previously identi- 
fied manner. 

If the first character transmitted by the remote termi- 
nal is determined not to be an EOT at 662, a check is 
made at 670 as to whether or not the first character is 
a NAK. Reception of a NAK can be caused by a num- 
ber of reasons, such as the instance when the computed 
CRC character at the remote terminal does not agree 
with the transmitted CRC character, or in the instance 
when an incorrect terminal poll has been made. If the 
first character is a NAK, the NAK counter is bumped 
at 672 and a decision is made at 674 as to whether or 
not the character is the third NAK received. If so, the 
data block is cleared at 676, a NAK is placed in the 
input to the computer at 678 and the EOT SEQ is set. 
If the third NAK has not yet been transmitted, a deci- 
sion is made at 682 as to whether or not the data block 
is empty. If yes, step 678 is reiterated. If the decision 
at 682 is no, the block is sent to line at 684 (FIG. 9A) 
and the system is set to the receive control mode at 
686. The system then again waits to detect the response 
of the remote terminal. 

Referring to FIG. 9C, if the first character transmit- 
ted by the terminal is determined at 670 not to be an 
NAK, the ENO counter is bumped at 688. At this point, 
if the first character transmitted by the remote terminal 
is not a DLE, EOT or NAK, the first character should 
be an ENQ which indicates that the remote terminal 
did not understand the poll A decision is made at 690 
as to whether or not the first character transmitted was 
an ENQ; if so, a decision is made at 692 as to whether 
or not this is the third time that an ENQ has been en- 
countered. If so, the EOT SEQ is set and a NAK is put 
in the input at 694 to the computer. The system is set 
in send control mode at 696 and the program is reex- 
ecuted. If it was not the third time that ENQ was en- 
countered at 672, the block number is again sent to the 
line at 698 and the system is set in receive control at 
699 in order to receive the next response from the re- 
mote terminal. 

If it is determined at 690 that the first character 
transmitted by the remote terminal is not an ENQ, the 
character is an unknown or UNK and a decision is 



made at 700 as to whether or not the UNK has been en- 
countered three times. If not, a decision is made at 702 
as to whether or not the data block is empty. If the 
block is empty, the program is reexecuted, If the UNK 
5 has been received three times, the program is reiterated 
at 694. 

Referring again to FIG. 9A, after a remote terminal 
has been polled and has responded correctly with a 
block number, the system is then switched to the send 

10 data mode at 608. At 710, a character is obtained from 
the output buffer as previously described. In this send 
data mode, the system is "blind" to everything but a 
DLE character in order to operate in the transparent 
mode. At 712, the character is checked for a DLE. If 

1 5 the character is a DLE, another DLE is placed in the 
data block at 714 in order to annul the DLE, to enable 
operation in the transparent mode. The character is 
placed in the data block at 716 and a check is made at 
718 as to whether or not the character is an ETX. If 

20 not, a check is made at 720 as to whether or not the 
data block is full. 

If the block is not full,, the program is reiterated at 
710 and additional characters are obtained from the 
computer output buffer. Additional characters are ob- 

25 tained until the block is full or until an ETX is received. 
If the block is full, to end the block, a DLE-ETB is 
placed in the block at 722 and an ETB character is 
placed in the CRC character. The CRC characters are 
read from the RAM storage at 724 and are placed in 

30 the character block. The block is then sent to line at 
684 and the system is set in the receive control mode 
to await the response of the remote terminal. 

If the character at 718 is an ETX, the data block is 
ended, so a DLE-ETX is placed in the block at 728. 

35 The CRC characters are then placed in the block at 
730 and the block is sent to line at 732. The system is 
then set in the receive control mode at 734 to await re- 
sponse of the remote terminal. At 736, the MSG flag is 
set to indicate that the system is in the process of send- 

40 ing a message. 

At this point in operation, the system has thus re- 
ceived a valid response for a pole and a block of data 
has been transmitted. The system then is switched to 
the receive data mode at 622 (FIGURE 9B). A check 
is made at 750 as to whether or not the carrier trans- 
ferring the data has been dropped. 

TTthe~3ala carrier Is satisfactory, a check is made at 
752 as to whether or not a character is on the line. If 
not, the test at 750 is reiterated. If a character is on the 
line, a test is made at 754 as to whether or not the char- 
acter is a DLE. If not, the character is placed in the 
block at 756 and the system waits for the reception of 
the next character. This loop is continued until the 
complete message block has been received. The DLE 
ETX or ETB indicates that the block is complete, so a 
DLE is looked for at 754. Upon detection of a DLE, the 
DLE is thrown away according to the transparent mode 
of operation and the next character is looked for at 

60 758 ' 

At 760, a decision is made as to whether or not the 
character on the line is an S YN. If so, steps 750 are reit- 
erated. The DLE SYN is transmitted among the data 
every half second or so to maintain the modem of the 
65 system in synchronism. The modem must clock on the 
edges of the data, so if it is assumed that the accuracy 
of the synchronous clock is sufficient, it can maintain 
the system in synchronism for half a second. Thus, if an 
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SYN is received at 760, a character is not placed in a 
block, but it is thrown away and the next character is 
placed in the data block. 

At 762, a decision is made as to whether or not the 
character is an ETX and at 764 as to whether or not the 
character is an ETB. If the character is neither an ETX 
nor an ETB, the character is ignored and another char- 
acter is obtained and placed in the message block, If 
the character was an ETX or ETB, the character is 
placed in the CRC at 766. The next character on the 
line is checked at 768. This character should be a CRC 
character and the character is checked at 770 to deter- 
mine whether or not the CRC character is accurate. 
The next character, which also should be a CRC char- 
acter, is checked at 772 and a determination is made 
at 774 as to whether or not the second CRC character 
is accurate. 

If the CRC characters are satisfactory, the block is 
transferred to input at 776 and the data block is 
cleared. The block is sent to the line at 778 and the sys- 
tem is set to the receive control mode at 780. Also at 
780, the bad counter is reset since at this point the sys- 
tem has made a good data transfer. The system, when 
set in the receive control mode, waits for another re- 
sponse from the remote terminal. The remote terminal 
may send another block of data or it may send an EOT 
indicating that the terminal is through with data trans- 
mission. 

If either of the CRC characters are determined to be 
invalid, a check is made at 782 as to whether or not the 30 
CRC characters have been determined to be bad for 
the third time. If not, the data block is cleared at 784 
and an NAK is sent to line at 786. The system is then 
set at the receive control mode to await a retransmis- 
sion of the data from the remote terminal. If the CRC 
characters are determined to be bad for the third time, 
a bad block flag is transmitted at 780 and the data 
block is emptied at 792. An EOT SEO is set at 794 and 
the system is set to the send control mode at 796. A 
CAN is placed in the input at 798 to indicate to the 
computer that a bad message block has been received. 
The telephone link may then be hung up, the terminal 
recalled and the message may be retransmitted for a 
maximum of three times. 

As previously noted, the operational program de- 
scribed in FIGURES 9A-C is programmed into the 
ROMs 166 and 168 ( FIGURE 3) for control of the 
micro CPU 170. The ROM comprises MOS cells each 
having gates for controlling the MOS cells. The gates 
may, for instance, comprise silicon floating in silicon 
dioxide insulation. Upon the application of a selective 
voltage, the gate may be selectively charged to control 
the operation program of the MOS cell in the desired 
manner. In this manner, the micro CPU and its asso- 
ciated ROMs may be programmed with a binary pro- 
gram to perform the functions previously described. 

It will thus be seen that the present invention com- 
prises a unique system for providing binary synchro- 
nous communication in connection with a high speed 
data buss connected to a digital computer programmed 
to control data transmission between a plurality of data 
stations. With the use of the present micro central pro- 
cessor unit and its associated circuitry, a plurality of bi- 
nary synchronous circuit controls according to the in- 
vention may be installed without the necessity of sub- 
stantial reprogramming of the central digital computer 
and without substantially increasing the workload of 
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the computer. The present system thus provides binary 
synchronous communications in an efficient and eco- 
nomical manner. 

Whereas the present invention has been described 
with respect to specific embodiments thereof, it will be 
understood that various changes and modifications will 
be suggested to one skilled in the art, and it is intended 
to encompass such changes and modifications as fall 
within the scope of the appended claims. 

What is claimed is: 

1. In a communications processor system wherein a 
message switching digital computer is programmed to 
receive binary coded data from a remote terminal over 
a data buss and to transmit the coded data via the data 
buss to a communication station comprising: 

modem means for converting received binary coded 
tone signals into binary coded serial electrical sig- 
nals, said electrical signals including text charac- 
ters providing text data and control characters pro- 
viding synchronization data, message block estab- 
lishing data and error checking data, 

means connected with said modem means for con- 
verting said serial electrical signals received there- 
from into parallel digital signals, 

a sync character detecting circuit responsive to one 
of said control characters providing synchroniza- 
tion data for generating a sync indication, 

lock circuitry responsive to said sync indication for 
establishing synchronization of said communica- 
tions station with said parallel digital signals, 

a processor circuit coupled to the output of said con- 
verting means and including a LSI semiconductor 
device responsive to predetermined ones of said 
control characters providing message block estab- 
lishing data for arranging said text data into mes- 
sage blocks having a predetermined number of text 
characters, 

a plurality of random access memories connected to 
said processor circuit for storing said message 
blocks while excluding said control characters, 

input buffer means connected between said memo- 
ries and said data buss for receiving said message 
blocks under the control of said computer. 

2. The combination of claim 1 and further compris- 
ing: 

cyclic redundancy check circuitry for computing an 
error check character for said stored message 
blocks and for ' comparing the computed error 
check character with the transmitted error check- 
ing character contained in said electrical signals. 

3. The combination of claim 2 wherein said cyclic re- 
dundance check circuit comprises: 

means for determining the numeric binary value of a 

block of text data, 
dividing means for dividing the numeric binary value 

of a block of text data by a constant, 
means for discarding the quotient generated by said 

dividing means, and 
means for transmitting the remainder generated by 

said dividing means as said error check code. 

4. The combination of claim 2 including means for 
transmitting said electrical binary coded signals in the 
transparent-text mode with additional characters being 
capable of utilization as data without taking on control 
meaning, 

said central processor unit including means for de- 
tecting said additional characters when preceded by a 
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predetermined character for initiation of a control 

function. . 

5. The combination of claim 2 wherein said processor 

circuit comprises: m 

means connected with said check circuitry for multi- 5 
plexing said parallel digital signals with any output from 
said check circuitry resulting from said comparison 
therein, and . 

means for directing the output of said multiplexing 
means to said memories. 10 

6. The combination of claim 2 and further compris- 
ing: tJ . , , 

output buffer means connected to said high speed 
data buss for receiving parallel digital data from 
said computer, 

said buffer connected to said memories for storage of 
predetermined message blocks of said digital data 
under the control of said computer, 

said central processor unit operable to add line con- 
trol and error checking characters to said digital 20 
data, and 

an output shift register connected between said mem- 
ories and said modem means for transferring said 
digital data through said communications link to a 
remote station. 

7. In a communication processor system including a 
message switching digital computer programmed to re- 
ceive binary coded data from a plurality of communica- 
tion stations connected to communication lines and to 
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means for transmitting said message blocks to the 
computer, 

said processor circuit further including output means 
for receiving parallel digital data from the output 
of the computer and including means for adding 
control characters to said data in order to define 
the start and end of message blocks having a prede- 
termined number of text characters , 

a second converter connected to the output of said 
processor circuit for converting said parallel digital 
data received from said computer into serial digital 
data for transmission to one of said communication 
lines, and 

means for transmitting said message blocks output 
from the computer and said added control charac- 
ters through said second converter to one of said 
communication stations via said communication 
line. 

8. The combination of claim 7 and further compris- 
ing * ■ j 

error checking means connected within said proces- 
sor circuit for checking the accuracy of said stored 
message blocks prior to transmission of said mes- 
sage blocks to said computer. 

9. The combination of claim 8 wherein said error 
checking means comprises a cyclic redundancy check 
circuit for computing an error check code from said 
message blocks and including means for comparing the 



tion stations connected to communication lines and to compute< i error check code with an error check code 
transmit said binary coded data to designated ones of 30 ori ina]ly transmitted with said digital data. 

said communication stations, the combination * - - 

a first converter coupled to one of the communica- 
tion lines for receiving serial digital data transmit- 
ted from one of said communication stations and 
for converting said received serial digital data into 
parallel digital data, said parallel digital data in- 
cluding control characters defining message blocks 
of a predetermined number of characters, 
a processor circuit responsive to said control charac- 
ters for forming said parallel digital data into mes- 
sage blocks including said predetermined number 
of characters while stripping off said control char- 
acters from said data, 
means for storing said message blocks in a plurality 
of memories connected with said processor circuit, 
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10. The combination of claim 7 and further compris- 
ing: 

means for converting series digital tone data on said 
communication line into series electrical digital 
data for conversion by said first converter. 

11. The combination of claim 7 wherein said proces- 
sor circuit comprises: 

a central processor unit, 

a plurality of read only memories connected to said 
processor unit for storing instructions for said cen- 
tral processor unit, and 
a plurality of random access memories for storing 
said message blocks prior to transmission to the 
computer. 
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Inventor(s) Chester C. Allen, Jr, 



It is certified that error appears in the above- identified patent 
and that said Letters Patent are hereby corrected as shown below: 



Col. 2, line 19, "area" should be — data — . 
Col. 3, line 16, "block" should be — clock—; 

line 63, "19" should be — 18— . 
Col. 4, line 31, "and" should be --end — . 
Col. 5, line 39, "recess" should be — access — . 
Col. 8, line 5, "drive" should be_— driver--; 

line 39, "Q" should be — Q — - 



Col. 17, line 

line 6 
Col. 18, line 
line 

Col. 19, line 
line 
line 

Col. 20, line 
line 
21, line 

24, line 

25, line 



Col 
Col 
Col 



Col. 27, line 



4, "300c" should be — 300d — ; 

, "recive" should be — receive — . 
54, "Q" should be — Q— ; 
57, "Q" should be — Q— . 

5, "Q" should be — Q— ; 

11, "290" should be —390— ; 

51, after "data" insert — input—. 

1, "Q" should be — Q— ; 

13, "Q". should be — Q— . 

29, " PND" should be — PND — . 

42, "pole" should be — poll — . 

37, "780" should be —790—. 

31, after "combination" insert —comprising: 
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